Suicide is a major public health concern. Although there have been several studies of suicidal behavior that focused on the roles of psychosocial and sociocultural factors, these factors are of too little predictive value to be clinically useful. Therefore, research on the biological perspective of suicide has gained a stronghold and appears to provide a promising approach to identify biological risk factors associated with suicidal behavior. Recent studies demonstrate that an alteration in synaptic and structural plasticity is key to affective illnesses and suicide. Signal transduction molecules play an important role in such plastic events. Protein kinase A (PKA) is a crucial enzyme in the adenylyl cyclase signal transduction pathway and is involved in regulating gene transcription, cell survival, and plasticity. In this review, we critically and comprehensively discuss the role of PKA in suicidal behavior. Because stress is an important component of suicide, we also discuss whether stress affects PKA and how this may be associated with suicidal behavior. In addition, we also discuss the functional significance of the findings regarding PKA by describing the role of important PKA substrates (i.e., Rap1, cyclic adenosine monophosphate response element binding protein, and target gene brain-derived neurotrophic factor). These studies suggest the interesting possibility that PKA and related signaling molecules may serve as important neurobiological factors in suicide and may be relevant in target-specific therapeutic interventions for these disorders.
Introduction
Suicide is a major public health concern. Approximately one million people commit suicide worldwide each year, and 30,000 people commit suicide in the United States alone (Goldsmith et al., 2002) . The lifetime suicide attempt rate among adults is approximately 10% (Minino and Smith, 2002; Bertolote, 2001) ; among adolescents, suicide is the third leading cause of death after motor vehicle crashes and homicide (National Center for Health Statistics, 1992) . Previously, most of the studies of suicidal behavior were focused on the roles of psychosocial and sociocultural factors; however, these factors are of too little predictive value to be clinically useful. Therefore, research on the biological perspective of suicide has gained a stronghold and appears to provide a promising approach for identifying biological risk factors associated with suicidal behavior.
Recently, it has been suggested that the pathogenesis of mood disorders/suicide involves altered plasticity of neuronal pathways (Garcia, 2002) . In fact, it has been proposed that mood disorders/ suicide result from an inability of the brain to make appropriate adaptive responses to environmental stimuli as a result of impaired synaptic and structural plasticity (Duman et al., 2000; Dwivedi et al., 2005; Dwivedi, 2010) . Support for this idea comes from studies demonstrating altered brain structure during stress and depression (major components of suicidal behavior) and from suicidal patients. The alterations include reductions in cell number, density, cell body size, and neuronal and glial density in frontal cortical or hippocampal brain areas; and decreases in the parahippocampal cortex and cortical laminar thickness (Altshuler et al., 1990; Rajkowska, 1997 Rajkowska, , 2002 Bremner et al., 2000; Rosoklija et al., 2000; Cotter et al., 2002) . In addition, changes in synaptic circuitry (Aganova and Uranova, 1992), synaptic connectivity (Honer, 1999), number and shape of dendritic spines (Hajsza et al., 2005) , synapse formation (McEwen, 2000) , neuronal atrophy (Sheline, 2000) , and spatial cognition deficits (Sackeim, 2001 ) have been reported in depression and/or during stress. The cellular mechanisms that underlie such compromised neural plasticity and structural impairments in mood disorders and suicide are not clearly understood; however, recent findings from our own laboratory and from others provide evidence that such changes may be a consequence of disruption in the cellular mechanisms governing structural/neural plasticity and cellular resilience (Young, 2001; Nestler et al., 2002; Dwivedi et al., 2003a Dwivedi et al., ,b, 2006 Dwivedi et al., , 2009 Joëls et al., 2004; Dwivedi, 2005 Dwivedi, , 2006 Duman and Monteggia, 2006) .
A number of studies suggest the involvement of serotonergic, and to some extent, noradrenergic systems in suicide, which include 
